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Oc e anic chlor ophylla algorithm fo r sev e r alc a s e s ofw ate r s
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A bstract: C ha racteristics of bio- optic al relationships(chlor ophylla v e rs urem ote- sensing
re鮎ctan c e)fo r oc e anic, turbid, highchlorophyll and polar region w aters(n -1 29) w ere
co nfim ed and an algorithm u sing a r atio offourbands(r atio ofs um oftw o bands) w a s
dev eloped ･ Theb and- r atio algorithm perfo rm ed w ellfo r oce anic w aters and highchlor ophyll
w ate rs(R M S E- 0･161). How e v e r,ムnly thedata inthe s o uther no c e a n and theyello w se aof
le ssthan 1･5 mgchl, a m
13
w e r en ot c o mbin edwiththe othe r o n eand w eren e ededto deal wi th
separa土ely. Filtering the data u sing rem ote-s en si ng refle ctan C e ratios w as effectiv efo rthe
s eparation .
Intr odtl Ctio n
M ain prim ary produ c e rin the o ce anisphytopla nkto n Altho ugh bio m a ss ofphytoplankton
is extrpm elyless tha nterrestrialplants, aquaticprim ary productio nby phytopla nkton alm o st
corr 朗pOpdstotho se ofthelatter(Schim el, 1995)I The refore glob alac ct -te estim atio n of
phytoplankto nbio m a ss a ndtheirprim a ry pr oductio nin the o c ean is requiredto pr edictthe
globalc arbonflux andglob alclim ate cha nge su chasthegre enho u s e eff ct.
Oc e a nc olorr e mote s ensingis efFe ctiv epr o c edureto es血 1ate Chlo r ophyl a c on c e ntration
as an in dex ofphytoplanl(to nbio m a s swi dely' sim ultaneously' r epe atedly a nd c o ntin uou sly･
Ho w ev e r
,
bio- opticalalgoritlmsto estim ale chlo rophylla c on c e ntratio nha v e s o m eproble m s･
On eoftheproble msisthatthe mo stofhistoric algoritlms co n sited ofs malln umber of data
丘o mlimited ･geographic reglO n
■
. h de ed the sta nda rd algoritlm fo rth占 Coa stal Zo ne Colo r
Sc a n e r(CZCS) (Gordo n et all , 1983)w asdeveloped withthe ･bio- optical dala aro u nd the
No rth Americ anContin erlt.
Ocea n colo r which is spe ctr u mofradiance or rene ctan c edepe nd o n theinhe re nt optical
prope rties (lops)such as abs orptio n a nd scattering c o efBcient. The r elatio n ship betw e e n
abs orptio n c o efrlCierlt a nd chlo r ophyl a c on ce ntr atio n aJld als othe sc attering c o eFI Cientis
not c o n sta nt in the w o rld o c ean･ The r efo r ethe r elatio n ship betw ee n o c e an c olor.
a nd
chlo r ophyllis n otinv ariable.
Altho ughitha sbe e n suggestedthat the polar region w ate r andturbidc as e2(Morel and
P rie u r
,
1977) w ate r occ u rthe large errorin the chlo r ophyl estim atio n, the bio- optical
algo ritlu lfor n e w s ens o rs, SeaWiF S and O CTSdid not be taken the se w aters into
c o n sider ation. h this study,theglobalalgorithm fo r s om e c as e s ofw aters w a sdeveloped･
一- 4 4-
Mate rials aJld Methods
Chlo r ophy1 a c o n c e ntratioll and tJ nde rw ater spe ctralr adiatio n w a s c ar ied o utin the
Indian Oc e an, Per sia n Gulf, Sollthern Oc ean , East Chin aSe a, Japa nSe a, Pa cific Oc e a n,
Os akaBay, andYello wSe a(Fig. 1). Totalnl mber of data utilized fo r a n alysis w as129.
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Fig. 1. S amplingstatio n
Chlorophylla c o n c e ntr atio n w asdete rmined且uo ro m etric aly(Parson setal., 19$4)witha
fluo r o meter(Turner Designs)･ Spe ctraldo wnw ellingirradia nce, Ed(九, z) a nd upw elling
r adianc e Lq(九, z) w as m ea st u ed with spe ctr o r adiom eters, MER-2020 A, M E R-2040arld
P R R-6 00(Bio spherical Instru m e nts).
No rm alized w ater-leaving r adiance L Ⅶ(九) and r em ote s e n sing reBe ctance R,s(九) w er e
calculated fro m m e as u red Ed(A, z)andL｡(九, z)fordevelopm e ntofbio - opticalalgorithm .
Res ults and D is c u ssio n s
T he tw o-ba nds r atio algori thm of the C Z C Sw a ste stedfor thedata s etin th is sttldyto
kno wthe ov ervie w ofthe r ehtionship(Fig. 2).
Bas edo nthedistributio】ユinFig1 2,five c as ew eredetermined asfolo w lng:
(1)Indian Oc e an,JapanSeaa ndPa cificOc e a n(Cle arerCa se1 w aters)
(2)Cleare rCase1 w aters ＋ Persia nGulfa ndOs aka Bay(Case1 w aters)
(3)Southe rnOc e a n andJA R E(Southe rnOc e an)
(4)Yello wSe a a ndOs aka Bay(Ca se2 w ater s)
-45-
(5)Allo c e anic regio n.
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Fig. 2. Relatio n shipbetw e e n chlor ophylla co n c entratio n andtw o
-b ands ratio(443:555)
Fo rthe s e丘v ec a se s,tow bands(i. a nd 九2)wi thtehighe stR
2
value(Table1)w erefo und
with le ast squ a r efitting to c on side rthe w avele ngth which shou)d be u sed in the n e w
algoritll m .
Table1. To w ba nds withthehighestR
2
v alue
Ar e a A.) 九2 R
2
a b
Cle a rCa seI
So uthe m Oc e an
Cas eI
Ca s eII
A LL
443 51 0 0.8 77 0.5 92 -2 3 I7
443 51 0 0.8 79 1.7 70 -3.3 53
4 43 555 0.917 1. 6 4 -I.5 17
490 555 0.783 1.7 20 -2.834
443 _555 0.7 48 1.05 7
-1.2 93
九1 and九2 S mooth ly shifted fro m443to 490n m a ndfr o m510to 555n m , re spectively.
Therefo re, the s eshi允s sho uld be appliedandthe new bio - optical algo rithm w a sde v eloped as
follo w l ng:
cs u,f - a X([R,s(九.)＋ R,s(九,)]/[R,s(九3)＋ R,s(九.)])
b
,(1)
whe reCs urris chlo r ophylla c o n c entratio n atthe s e a s urface, R,sis re mote s e n slng re丑e ct anc e,
九]to 九4 a re 443,490, 510and555n m . This algo rithm pe rfor m ed w ell fo rthe al1 data e x c ept
theSo uthem Oc e an andYello w Se adata, and its equf[tio n was,
-46 -
csu ,f - l.291×
■
〈【R,s(443)＋ R柑(490)]/【R,s(510)＋ RB(555)】i
‾2･621
R M S E-0.1 61
,
R
2
- o.9 24 (2)
The re sults ofthe analysis using the se mi- analytical m ethod (Carde r et al一 , 1999)
s ugge sted that the in c o rrect e stim ation in the So uthem Oce a n and the Yello w Se ain the
c onc entr ationle s sthan1.5 mg m
3
w as amibutedto :
(1)Lo w spe cific absorptio n c o effic ent ofphytopla nkto n and n o n c o- v ariatio n of abso rption
coefrlCie nts ofn on- algal m atte rswi thchlor ophylla co n c entratio nintheSouthe rn Oce a n
(2)H ighspe cific absorption c o efrlCients ofphytopla nkto n and n on- algalm atterin the Yello w
Sea.
The refo r e, variatio n of the ba nd ratio R,s(443)/R,s(555) in dic ating chlo r ophyll a
c o n c e ntration and R,s(412)/R,s(443)ildic ating no n- algal m atte r wi ththeir c oncentration s
depend on the w aters. T his v ariatio n c an be utiliz edto s eparate the w ate rs(Fig. 3).
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Fig. 3. Separ atio n ofw ate rs u singtheb ands ratio sR.s(443)/R岱(555)a ndR,s(412)/R,s(443)
Irlthis study, the w ate rs w er deter min ed a sR,s(443)/R,s(555)≦ 2for ca se 2 w aters, a nd
R, i(443)/R,s(5 55)≧ 4a nd R,s(412)/R,s(443)≦1.2fo rthe Southe rn Oc ean, r espe ctiv ely. When
the e a ch s eparated data w a sinput tb their loc al algoritlm (Fig. 4), the e stim ation of
chlor ophylla c on c e ntratio nfor all data w aslargelyimproved(R M S E- 0･236, R
2
-o183 4)･
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Fig. 4. Relation shipbetw ee n m ea s u red a ndm odeledchlor ophyua co nce ntratio n.
This pro cedu re w as efFectiv efor the globale stim ado n of chlo r ophylla co n c e ntration,
beca u s eitn eeds only re m otelyse n s ed data.
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